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Key Partners in the program

® Major coating vendors:

— Turbine Airfoil and Coating Repair (TACR), Middletown, NY
— Engelhard Corporation
— Praxair Surface Technologies

® Major raw materials suppliers
— Praxair Surface Technologies
— Transtech Corporation

® Materials Property and coating performance evaluation
— Oak Ridge National Laboratory
— University of Cinncinnati
— Westinghouse Plasma Center

® Host engine customer site for rainbow engine test
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Talk Outline

* Program Objectives

* Introduction
— current TBC limitations and proposed solutions

®* Technical approach to incorporate advanced TBC
technology into our IGTs
— a low risk, high pay-off strategy

®* Accomplishments to date

— Optimized deposition trials and key materials properties
— High heat flux testing results
— Engine test results
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Program objective

A 3-year program, to transition advanced TBC concepts
from the development phase to an engine
tested coatings technology

|

ncreased engine efficiency
Higher reliability and durability
_ower electricity cost
ncreased component life
Reduced emissions

Establlsh an enablmg technology for the futu
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Next Generation engines require advanced

TBCs with increased temperature capability
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Advanced TBCs can overcome the
limitations of the current 8YSZ TBCs
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Superior sintering resistance, relative to 8YSZ, is observed for all
ceramic compositions deposited both by APS and PVD

3 Fiml EB-PVD BYSZ |
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Sintering resistances of new phase stable ceramic

compositions were confirmed by dilatometry

Taao
“,_'.’-F"!-.—_E-TEE-}MDDE
So00 / :
E 4000
E — Y eS-14000C
@ — 3¥S7-1200C
= 2000
3
i
= -
= / % =TS -12000
= 000 ———
LA Ty Iri
P P PP PP, "f"i'""'i.
;__-' .-'.-'..-" "l-.- ._._-_-\.-_._.-\.-_._.-\.-_._.-\.-_._.-\.-_._.-\.-_._.-\.-_._.-\.-_._. -5-_.\,-:5-
1000 - T 0 — ]
;_5._1.;.j‘.jj._’f.j;.ji.jj.j.:.:.:'. NEW ceramics at 1400 C
! .-u'...-'.w-'.s'.«'.s'.~'.s'.w-'.r.w'.s:w-'.s'.f F -.:- F T TFTFFFEFES
ISP Pl {,,,_.-f,.-,.-f_.-.'f.'.-.'....',..-.......
|:| T e |- mmE=s T T T T T T
] (u] 2000 4000 BEOO 0 2000 1000 0 12000 140010 1000
1000

Time {mins)

(HIAL, Qak Ridge National L aboratory)

Blermerrderr-lrierr =ar =l Ipvcldeemdr-a=]l " == Teerblrsorrn T



New ceramic compositions have thermal conductivity

values 20 % to 50 % lower than APS 8YSZ
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Overview of the technical approach to incorporate

advanced technology into our IGT fleet
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samples to severe thermal gradlents

Capabilities

no contamination of sample
single rotating tubular sample with
thermal barrier coating
- EB-PVD
- APS
maximum surface temperature:
= 1350 “C
« thermal gradient through
thickness:
ATiAh = 19C / um
+ thermal cycling capabilities
(3 min. - 480+ min.)

(Westinghouse Plasma Center, PA)
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establishing the relative benefits of the different

compositions

Maw chem #2

Mew chem #3 & .
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High heat flux testing results show that all compositions

have a superior temperature limit than 8YSZ

24 000 hours

Advanced TBC
compositions

Baseline 8BYSZ
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TBC Surface Temperature ———p
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composition, were successfully tested in a
customer engine
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TBC composition, were successfully tested In
a customer engine
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Aavanced sysiems are

successfully demonstrated for an IGT
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Advanced TBCs can significantly impact engine
efficiency and performance and component life
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advanced thermal barrier coating systems for
the next generation engines

New TBC compositions were successfully down selected and
deposited both by APS and EB-PYD

Sintering resistances and phase stability were shown to be superior to thi
of the baseline 8YSZ coating

Cyclic furnace testing showed that TBC spallation from bond coat oxidati
met all the requirements

High heat flux testing proved that superior sintering resistances significan
increased the TEBC spallation at high surface temperatures

Component coatings trials were successfully completed using currently
available production equipment

Coated components were successfully tested in a F engine at a custome
site
ADVANCED TBC TECNOLOGY READY FOR IMPLEMENTATION
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